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FOREWORD 

This  publication  was  prepared  under  contract 
by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE,  a  federal  governoent  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  government 
departments . 
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A  RAPID  METHOD  OF  ADJUSTING  THE  SCALES  OF  A 
HYDROMETER  OF  SOIL  PARTICLE  ANALYSIS 

«  Communist  China  « 


^^ollowlng  is  the  translation  of  an  article 
by  the  Hsl-an  Highway  Academy, .Testing  and 
Research  Laboratory,  in  Shul-^wen  Ti<“Chih 
Kung-oh  *  em  T1  “Chiha  12  Jime  19^6,  pp#  29-30 ._/ 


The  method  we  will  now  describe  is  based  on  the  Prin¬ 
ciple  of  Archimedes,  which  says  that  the  weight  of  an  hydro¬ 
meter  is  equal  to  the  weight  of  the  liquid  displaced  by  the 
hydrometer  when  it  is  submerged  intc  a  liquid.  If  we  increase 
the  density  of  the  liquid,  there  will  be  a  correspondir^ 
decrease  i*n  the  submerged  volume  of  the  hydrometer  placed 
in  the  liquid.  This  change  is  shown  by  the  ups  and  downs 
of  the  glass  bar  of  the  hydrometer.  Therefore,  we  may  obtain 
the  adjusting  values  of  the  scale  of  an  hydrometer  by  atudying 
the  regularities  in  the  volimie  changes  of  the  hydrometer 
within  its  scale  range, 

I,  Apparatus  used, 

1.  Cylinders  Diameters  6cmX  Imm,  Capacityss  lOOOCc , 

2,  Thermometers  0*— 50^0,  smallest  reading  0,5  C, 

3.  Scales  l/20mm  (scales  used  by  mechanic s  are 

accurate  enough) . 

4,  Others:  Balance  (sensitivity  1/1000  gr*),  dis¬ 
tilled  water,  coordinate  sheet,  etc,  ■ 

II,  Procedures  of  operation  and  formulae  for  calculation, 

1,  Measure  the  initial  point  Lo  of  the  scale  of  the 
hydrometer  s,nd  the  volume  V  below  Lo  •  Also  write  down  the 
adjusting  value  m*  for  the  curved  liquid  surface. 

Clean  the  hydrometer  with  distilled  water  and  wipe 
it  dry  I  weigh  it  to  an  accuracy  of  l/lOOCygr.;  then  put 
the  hydrometer  into  the  cylinder  which  contains  1000  oc.  of 
distiiledr water  of  20  ±  0,5  C  (the  room  temperature  is  controlled 
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to  about  20^C  before  putting  th©  bydromator*  into  tbe  water,:- 
so  that  there  W13.1  not  b©  too  much  temperaturo  difference 
between  the  water  and  the  hydrosseter)  *  Take  &  read-ing  of 
the  point  of  the  hydrojaeter  that  meets  the  lower  edge  of  the 
eurvea.  liquid  surface;  this  reading  is  L©  (meanwhile,  take! 
a  reading  of  the  upper  edge  of  the  ounred  liquid  surface  and 
write  down  bi%  the  adjusting  value  of  the  curved  liquid  sur;« 
faoe) »  The  volume  of  the  part  of  the  hydrometer  below  the  i 
initial  point  L©  can  foe  found  by  using  the  following  formu'liat 

(cns^)  | 

oyuao 

In  which j  ws  the  weight  of  the  bsrdroiaeter  (gr»)  .! 

^a©:=.the  specific  grayity  of  th©  distilled  water  ' 
at  20® C  (b,99f^2) 

2*  Measure  ,  the  volume  between  the  initial  point 
L«  and  a  osrtain  point  (in  general*  measure  once  for  every  | 
5°raadlnBB>.  i 

Tfike  the  hydrosieter  out  of  th®  distilled  water,  dry  ! 
it  with  a  handkerchief  and  measure  with  a  scale  the  diasaster 
corresponding  to  the  initial  point  L^.  Then  measure  the 
diameters  at  certain  points  (in  general,  once  for  every  5 
scales)  and  the  distances  dj.  from  L©  to  these  points*  Fliihlly, 
calculate  VX?  the  volume  between  L®  and  a  certain  point  ; 
according  to  the  following  formulas  ; 

0.19635  (a  Ait  LX  ! 

In  which,  d«  the  diameter  at  the  initial  point  of  th®  gla^ss! 
bar  (cm)  » 

di  *  the  diameter  corresponding  to  a  certain  point! 

( cm) »  . 

L£,is  the  distance  between,  and  that  point  (cm) »  ! 

If  the  gias's  bar  of  the  hydrometer  has  tb©  same  diameter 
throughout  its  length,  than  the  formula  becomes;  ; 

d^L^fflO,7854d^hl 

3*  Calculate  the  accurate  bosI©  that  a  hydrometer  i 
should  have  at  a  point  • 

The  calculation  formula  for  a  20^/20^  C  Type  B  hydro-^ 
meter  is  as  follows;  i 

In  v;hlGh,^a3A“^'^’^®  accurate  scale  that  th®  g0°/20  C  Typ®  B  ; 

hydrometer  should  have*  i. 

Other  notations  are  th©  same  as  before, 
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5' or  a  20‘'7‘^'  C  Type  B -hydrometer  the  formula  iet 

^04  v-Yx  ^ 

In  v;hlch,404=i- aceurate '  scale  of  a  20^/4  C  Type  B 
hydrometer  ^ 

For  a  Type  A  hydrometer  the  formula  is; 

^  (A  —  T  ^  V-  cnKT 

0*624413  “  ^  1601.5051 

In  whichj  -  the  accurate  scale  of  a  Type  A  h^fdrometsr. 

Other  notations  are  the  same  as  before  (see 
Ministry  of  Kjrdraulics:  "The  Specifications  on 
the  Operations,  of  Soil  Testing" »  P»  239) » 

4,  The  calculation  of  adjustl'ng  values* 

The  difference  batv/een -the  accurate  scale  a,  point  should 
have,  and  its  dix'ect  reading  is  the  adjusting  value  a.t  that 
points  Because  the  correction  value  of  the  curved  liquid 
surface  is  geri.era,iry  a  constant,  vdien  we  calculate  the  ad¬ 
justing  value  for  the  scale,  we  may  obtain  H*,  the  adjusting 
value  for  both  the  scale  and  the  curved  liquid  surface. 

For  a  20’^/2Q°0  Type  B  hydrometer  the  formula  is: 

H'  -  (Rl-  m') 

In  which,  Rsthe  direct  readi'ng  of  the  point  to  be  corrected. 
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the  adjusting  value  for  thi 
surface  of  the  hydrometer. 
Others  ^re  the  seise  as  before* 


curved  liquid 


For  a  20®'/4‘'^C  Type  B  hydrometer  and  Type  A  hydrometer, 
the  calculating  formuae  are  In  the  same  form  cas  the  preceding 
one , 

III,  Example, 

1.  Huaibsr  of  the  hydrometer:  20®/20®C  B~1  (according 
to  this  laboratory), 

2.  Weight  of  the  hydi-’ometer ;  86.843  pjr, 

3.  Initial  point  reading  (In  distilled  v/ator,  at 
20® C,  correspondirug  to  the  lower  curved  liquid 

SUI’f  B.GS')  =  1 . 00 13 . 

4»  Volume  under  L©: 

86  *843 

86,9968  (cm^) 

0.998232 


a 

^  » 


Other  measured  and  calculated  values  are  listed 
below: 

(See  next  page) 
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mmi 


1. 

1.0050 

1.0100 

1.0150 

1.0200 

1.0250 

1.0300 


.535 


.535 

.535 


Distanoeg 
between 
initial 
point  t©) 
the  polntdto  the 
to  b©  co¬ 
rrected. 

(cm) 


0 

i.4ia 

3.32G 
5.232 
7. -188 
9.120 
10.982 


m 


.4688 


I 


ceurate  p@r-reet.ing 
eadings  valneg  for 
caiculat-  scale  ajidr'' 
ed  from  ouwed  liqnl 
ormula  siirfacs 

t  - 


^62.0 


0  ■ 
1.3188 
1.7463. 
-.1762  |l 
-.6159  1 


Simplified  readings  of  the  hydrometer. 


The  simplif led  . ^ 
reading  scales  d.a, 
of  hydrometer 
and  the  ^ 

correcting 
value  of  the  <5, 
curved  liquid 
surface. 
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The  two  durvea  in  the'- graph  show  the  comparison , of  ! 
results  by  two  different  methods.  The -curve  borreBponds  I 
to  the  rapid  method  and  the,  x-curve  to  the  standard  golutl dn 
method. 


I¥.  Attentions  to  the  operation.  ! 

1.  Special  care  should  be  taken  when  measuring  the  i 

diameters  of  the  glass  bar  lead  the  distanoes  between  points 
of  the  bar.  From  experience  the  measured  values  of  dimeters 
tend  to  be  higher  than  their  true  valxies.  i 

2.  In  weighing  the  hydrometer  and  measuring  its 

length,  one  has  to  be  careful  that  the  hydrometer  and  its  j 
glass  bar  will  not  be  broken.  .  ! 


,  In  nieaBiarinis  the  distance  and  the  diameter  d;j. 
of  a  certain  scaled  ooint,  usually  take  readineis  every  5 
scaled  points*  If  some  readings  are  questionable,  measure 
eome  intermediate  points* 

4.  If  the  scales  can  not  be  seen  clearly  by  the  naked 
eye  v?]ien  measuring,  a  low  power  magnifying  glass  (5-5)  will 
be  helpful. 

The  Inaceuracjr  of  the  scales  of  hydrometers  is  one 
of  the  factors  that  causes  errors  during  the  procedure  of 
apj^lvcing  soil  particles  with  an  hydrometer.  The  radical 
solution  'of  this  problem  is  to  improve  and  to  unify  the 
manufacture  of  hvdrometors.  .  The  method  introduced,  above  is 
actt.i.a3iv  based  upon  the  principle  of  hydrometer  manufacturing* 
Taice  a^20  3-3  hydrometer,  for  instance,  and  the  fore- 

stfited  equa.tion: 

^8iO  ”  in  ^Tffv 

In  which  V; ^  d^Lp,  Substitution  of  the  value  of 


tr  t 

- 


d'^Li 


......  ....  ^  ... 

into  the  equa.tion  one  gets: 

w  1 


)  X  0,7854  d' 


■/Remarked  by  travislator;  Hiis  formula  was  mis¬ 
printed;  the  right  one  shoifld  be : 

w  1  ^  ^ 

L  ■  =  ...—  (1-3 - )  4-  0.7854  eg/ 

'O  Si^xo 

This  is  the  method  to  ca.lculate  the  distance  from  each 
ooint  cf  the  hydrometer  to  its  initial  point  If  we  con 

control  the  woh;}it  w  of  the  hydrometer,  the  diameter  d  of  the 
glo-s  bar  and  the  distance  if  we  con  make  all  the  scales 

accurately,  o.ocordlng  to  their  calculated  values;  and  if  we 
are  aule  to  a.djust  the  initial  point  of  the  scale^  so  that 

v'o  j  coincide  v^itb.  the  sctual  i.nitis..L  point,  ti).en  a.d  Jus  ting 
the 'scale  is  unnecessary.  Furthermore,  if  we  can  place  the 
sero  point  accui’ately  on  the  top  edge  of  the  curved  liquid 
surf  see  a,t  t.ne  initial  point  oi  the  scr3..1e,  oho  correction 
of  the  curved  liquid  stcrface  can  be  omitted.  It  is  very 
helpful  In  raising  the  quality  and  efficiency^  of  our  work 
to  get  rid  of  those  corrections,  esijeclally  the  correction 
ot  ‘^•C  file  So  We  m-.-ntiOn  this  as  a.  su.IjKjSs  Lion  cO  the 


THE  GENESIS  OF  THE  PAI-i-UHG-IOH  MIMERAL 
SPRING  OP  KANSU  ANB  RE.UTED  PROBIMS 

^  Chiaa  *• 


the  t>*aiislation  of  an  artiole 
by  Ts*fi.i  .Ss'li'-'feti  (5591  1422  535®)  s  Eaneu 
Hydrogeological  and  Siiglneerisfig  Geological 
Group j  in  Sbul-^wen  Ti^ahlh  Kum~ch*‘3nf  Tl-oblhs 
3.2  J\ni9  19'S0g  pp»  5^‘“33»I7* 


I»  Introduction*  ! 

The  Pai"la.rjg*“kou  mineral  spring  is  located  ia  the  i 
Ch‘i«ilen-shan . aresg.  has  a  linear  distano©  of  23  km  to; the  ! 
west  of  SU“na3i  Hsien  and  is  on  the  left  side  of  Pai-ians- 
kou  (th©  upper  course  of  th®  Li-yuan  riyer) *  .  ; 

The  spring  was  found  by  a  Blussian  geologist  on  his  ' 
way  to  &  geological  survey  party  in  the  Oh’i-lien-shaa  ares® 
It  was  identified  ae  carbonated*  Springs  of  such  a  nature'; 
are  considered  ffiedically  important ^  especially  for  tb.©-  treat¬ 
ment  of  neurotic  diseases  and  heart  troubles,.  In  view  of  I 
this  he  suggested  that  a  further  Investigation  be  made  &a  i 
the  first  step  to  a  fulL  development  and “usage  of  this 
mineral  spring*  i 

The  mlnei'a,!  spririgs  in  the  Ch*  i-lien-Ghan  folded  z&m 
have  not  been  investigated*  Springs  of.  medical  importance  | 
hav®  never  been  Hi®ntioiied  in  literature*  The  findins  ef  this 
mineral  apr-lng,  therefore^  marks  th®  beginning  of  as  extensive 
investigation  on  suoh  springs  for  their  us®  in  public  .health 4 

II »  The  geology  and  topography  of  the  surrcunding  area.  i 
The  surrounding  area  is  coaiposod  mostly  of.  lower  [ 
Paleozoic  metajiior-phics*  Silurian  Lao-chun-shan  oonglomerate 
and  sosie  Csrbonif er-cmB-Perfiiian  fo.mations  ca.n  be  seen  along 
IC"pu~lar^g“kou®  fhej-'e  are  also  Quaternary  sediments  (sand  i 
and  sp&y/al)  covering  the  concave  portions  of  th©  .valley '  ©f  ' 
So-pu-lans»--keue  . '  ■ 

1*  The  Yao-mo->sha.n  System  ( Camferian-Ordcyleian)  ■  ; 


vf  «« 


This  GijEtaBiji  d0V'3lop®d  along  tb.©  Li^-yuan  rlvei*^  goG"^ 
iBts  ci  Clark  grey^'^phyllitc^Sg  light  green  hsi'd  saxid stones^  : 
lates  and  I'ke  assoelated  thick  Igne&ua  rocks  ar® 

aetaaorphosad  andasltlo  tuffg,  oarbonatissd  aiiA©siti©  tuff  ^  ; 
aQtaffi.OFohOEsA  ciuart-K*  ^y©iitto  SKd  aiidasl.t®  * .  Tb.®  ®x.p<osod.  ttaA-C^" 
k@0S  te"  OTsr  1000  while  the  .total  thickness  of  this  system 
is  pCiuO  3a «  ■  ,  ! 


- rr  .r-...-.--/-- 

fv-.  .'  .■-,  ■  I 

.;,. ; ...  ;  w.  .-••  *>•-  4 


phv  i  ■^h,"  .  ^'  3  *''C| 


*'9^  ,  1 1  *»L»>i  ft  u  #¥■ . 

f  s;-*  \  *  “■ » 


To  .r*,  “  l<'ou„_ 


ki'5 


mmr  w 


/  .  ■  i-  ■■■ 

c\  Fig«  i 

2»  Ch * u&G“h siuiig^kou  Sorlos  (£jOw@r  SlXurlau}  ; 

fhts  Seriesj  exposed  at  the  upper  course  of  Ta-lt-  |  ... 

tung-kouj  is  composed  chiefly  of  graenj  thiofe-bedded  cog-  i 
Slomerats  isrith  InterfeOvdded  dark  elata,^  phjllite  and  j 

purplish  sandy  Goasl^SK-erfet©*  The  co:asloae.rate8  ar©  cemented  ■ 
with  siliceous  material*  Th®  total  thickness  Is  2800  m.  i 

3,  fh©  Lao- Chun- ehan  eonslorasrat®  (tipper  Silurian)  |  . 
This  cGn^5'lciae.rate  Is  well  developed  slong  the  ,i.ow©r  , 
course  of  the  Pal-Iarig-kou*  This  formation,  a  typical  product 
of  m.olas®ic  eedimentation,  consists  of  purplish,  saasslT©  j 
CGcig-loaerate  with  ailioeoua  cesientijag  jas-terisli*.  There  a.r©  ;  ^ 
also  soma  intertedded  oox5gloffierattc  sandstonas*  In  the  va^.^ey 
of  the  Ta-li-tung-kcm  this  conglomerate  is  in  overthruBt  , 
contact  with  th©  ’  Yao-mc-siien  system,  thus  prcvlding  &  good  ; 
access  to  the  ascending  mineral  soliitlon. 

1*  The  Ohou-llu-kou  Series  (Lower  Carboniferous)  ; 
This  Series,  exposed  over  only  a  small  area  oetwasn  ; 
the  Taii-k^ o-koti  and  the  Tl-san-kou.,  has  a  thicknosrs  of  about 
150-200  m»  It  is  'coiapose-d  mainly  ©f  dark  grey  limeston®  i 
he&rlnK  fossil  Yua-sihs  corals  ci’sd  giant  irodus tu._s .  ihis  eeries 

Wlt*b-  dlSCO^lf  Or’A^lljfy  by  tt'ilB 

strata^  .  „  ^ 

5*  Carbonif  erous-'Pei^tan  System,  ,  . 

This  Systeifij,  as-so®iat®d  with  the  iiS-o-chun- shall  con-  . 
sioraerate  aiid^  th©  ChOM-ltu<»kou  Series,  is  coaposed  of  dsr^:  : 

■  oar-'bojai-e  shal©  -aad'-auMy  shal®  ■-■iiiterb®dd®d-.wi4h  -dark..--gr@y,^^ 
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The  total  thick' 


thin  lirfte;;tono Sj  KfmdatoneB  and  coal  seams 
ness  is  about  250  m* 

6 .  Quaternary 
Quaternary  covers  the  banks  of  the  Li-yuan  river  valley* 
The  lower  pajrt  consists  of.  coiiglomerate  of  the,  Chiu-chuan 
epoch*  partially  cemented  by  calcareous  material;  the  upper 
part  consists  of  recent*  alluvial  and  projuvial  sand,  and 
clay*  The  thickness  varies  from  2  to  3  meters#  The  mineral 
sp-ring  occurs  in  this  formation* 

The  general  trend  of  structure  in  the  area  under 
consideration  Is  NW-SE*  Let  us  take,  as  examples,  a  few 
major  faults.*  The  Ta-li-tung-kou  overthrust  strikes  N  60~70°W 
and  dips  to  the  northeast  at  an  angle  of  40*^**  The  Yao-mo-shan 
syatem  is  overthrust  upon  the  Lao-chun-shan  conglomerate. 

'The  Tsn-k'o-kou  overthrast  strikes  N  50'"  W  and  dips  40®50*^SW. 
These  two  overthrusts  are  nearly  parallel  to  each  other* 
Therefore,  the  Li -yuan  river  valley  is  a.  graben* 

The  formation  of  mineral  water  is  closely  related  to 
the  joint  system.  The  joints,  well  developed  in  the  meta- 
morphica  of  the  lower  Paleoaoic,  are  generally  of  the  sheai’ 
and  tension  types. 

The  topiography  of  this  area  shows  an  apparent  dependence 
on  the  lithologic  and  structural  features.  The  metamorphic 
rocks  on  tho  sides  of  the  Li-yuan  river  valley  form  precip¬ 
itous  mountains  standing  up  to  a  relative  height  of  500  m. 

The  peaks  are  often  covered  with  snow,  which  is  a  main  source 
supplying  the  gi’ound  and  super j.  icia,l  waters  in  this  area* 

Along  the  v;ide  bottom  of  the  Li-yuan  river  vallejr  are 
subdued  mountains.  This  is  becanse’  the  bottom  was  lowered 
relative  to  the  over  thrust  sides  and  boca.use  the  exposing 
Carbonif erous-Permian  strata  are  relatively  soft. 


I.II.  A  description  of  the  mineral  spring. 

The  Pal-la,ix;~kou  mineral  spring  is  located  on  a  terrace, 
composed  of  sand  and  clay  and  Chiu-chuan  ccn^jlomerats,  on  the 
left  side  of  the  Pai-lan^^-kou  and  near  its  mouth.  Fjaom  Fig, 


2  it  can  be  seen  that  the  mineral  spring 


right  above  the 


fault  zone  between  the  Yao-mo-shan  system  and  the  Lao-choin- 
shan  conglomerate.  The  fault  zone  provides  an  ascending 
channel  for  the  mineral  water. 


:  t  ^  .  uca 

i  •' 

I  . 


I V 

vc^  *x. 

s  (»•*'■ '"5  #1^, 

w'r' 


.jl;,  ,  \  , 

Fig.  2 
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spring  hae  a  hole  of  dismeter  4  m  and  depth  of 
^  yfauei".-'  ojiDers  t-he  Pai‘-i.sr^“>kou.  and.  there  foi-Bis  a 

layer  of  ruaty  mud  of  poaslble  medical  importance  on  the 
suXiaiv^e  OTsr  wh.lch  ic  fiov/s*  There  is  s.lso  a  thin  layer  of 
v/Hx stufi  j  possibly  around  the  ho.l.9j  probably 

throi:i^h  the  action  of  the  escaping  CO^e  '  ’ 

The  mineral  spring  is  transparent  and  light  green* 

It  eoritai.riS  an  abundant  amomt  of  CO -j  and  a  more  alp  makes 

,  '  ^  O  hi  ii.  t»  iff 

The  temperatare  of  the  water  is  5'^C,  indicating  a 
source  of  shallo?;  circulating  water, 

T.rie  Kieaeured.'  1  low*  is  0*18  liter  per  second  or  ln»6 
tong  per  day* 

wiiemi ca,i.  analysis  shows  that  the  we.tc’r  oontalns  sodiuiB* 
calciura  and  magnosluio.  bicarbonates  ^?lth  f.ree  CO^  whiie  the 
ground  watei^  and  the  riyer  are  of  the  calcium  bicarbonate 
tyi-^ej  s.DQ''j  e  oL^b  .HCu^ «  In  riddltion  to  these  three  dojainant 
positive  :lons  the  vmter  contains  a  small  asourit  of  L.1*  Sr* 

B,  Br  and  dissolvable  Si The  CO-  content  la  660  ailllgnsms 
per  llterj  :  i^he  pH  value  is  7*21;  and  the  degree  of  .mineral** 
iKation  Is  2*8  graK.s  per  liter* 

.n^o  The  origin  of  the  mineral  spring* 

According  to  the  oh6SiiC8,l  analysis  this  mineral  spring 
is  ciasslfied  under  the  fi.r*st  .group  in  Alexadrov’ g  Classift- 
cation^  .  i *8* j,  of  the  NgL-Ca-Mg  Bicarbonate  type.  In  addition 
its  C0;3_  content  auggests  a  similarity  to  the  {  .Narzan  ) 
mineral  spring  in  Russaia*  , 

From  the  preceding  statements  this  mineral  solution 
may  be  co.naidered  to  ha,ve  formed  throupfn  le, aching.  Rain  and 
iaQ.>.,t'ung  anow  constitute  the  main  source  of  wa.ter  supply., 
Kothi.ng  osn  be  said  about  the  primai’y  water  of  igneous  or ig 
However s  the  formation  of  CC^  in  the  mineral  spring  is' related 
to  igneous  aotlvlties. 

During  the  course  of  circulation  of  the  mineral  sol¬ 
ution  earoonates  were  dissol.yed  and  conviorted  to  bicpjt'bor," 
atesj  ..whereby  the  content  of  HCO ,3" increased*  The  amount  of 
SG,^^  also  slightly  increased  (Shih  3)  . 

Due  to  the  presence  of  abundant  HC0  3"'  this  ci.reulatlns 
water  poases|ed  a.  strong  dissolving  powe,r,'  Consequently*  the 
amount  of  lia  and  Mg’^  eontinuallv  increasedj,  finally  result- 
ing  wit'ii  Na."^”  pr6'doi3ixBa.n.t  ■  This  ia  b^cauBB  tho 

hydrolysis  of  -such  minerals  as  albitej 


2MaAlSi3%  +•  200^  -A  3B^) 2Ma'V  aHCOf-i-  4SiO^  (1) 

The  i.ncroaae  in  amount  of  Mg"^  is  undoubtedly  due  to  the 
disGOlvlrig  of  MgCOj  and  laagnesiuia  silicates  (as  chlorite. 


i'-usar-;'5.t,e,  hornblende^  etc*)  nnd  the  exchange  of  Ca'^in. 
watei/'  vvith  in  the  surrouitdlng  rooks*  For  example: 


CeMsiOQ;^)su  ^  aCaCO^.  -j- 


-H" 


The  presence  of  rare  elements  such  as  Sr  ,  B  , 

3tCi^  in  the'  solution  ma.y,  also  be  ascribed  to  the  hydrolysis 
Df  Li -mica*  tourmaline /.SrSO^,s  etc.  For  instance; 

Srsa^-i”  aMCO^-;^  Sr"^-f-  CO3  >  4- H^04- CO^  (3) 

That  there  was  an  increase  in  the  amount  of  SiC^  and 
S0u,'"’“'is  also  evident  from  Eqa*  (1)  and  (3)  • 

^  The  three  equations  above  give  only  an  idealized  ■ 
picture  of  the  reactions.  The  actual  situation  is  far  more  ^ 
complicated. 

With  the  enrichment  of  Nag  Cb.^  etc.  the  degree  of 
mine.ra,:iiza,tion  gets  higher  and  higher* 

In  short j  running  water  was  trajjped  in  the  fractures 
of  bedrocks;  in  its  aescending  course  it  caught  more  and 
more  00^.  »  -makirig  possible  the  enrichment  and  exchange  of 
s ome  e 1 emen t  s . 

Under  the  i-ae-tion  of  internal  stress  and  hydraulic 
pressure  the  down- leaching  solution  finalljr  found  its  way 
along  the  fault  zone  between  the  Lao-chun-shan  conglomerate 
and  the  Yao-aio*“Shan  system, 

V,  Conclusion, 

Carbonated  springs  arvs  not  well  known  in  this  country. 
The  spring  undex*  investigation  is  the  first  one  found  in 
Kan.su  Province.  A  further  Investigation  of  the  origin  of  the 
spring  isj  therefore^  significant  both  theoretically  8.nd 
practically  <5 

From  the  above  ixrlmary  analysis^  it  is  evident  that 
the  formsation  and  distribution  01  the  mlxxeral  spring  is  closely 
related  to  the  o3.d  metamorphic  rocks  in  this  area. 

From  Uie  Proterozoic  Era  down  to  the  Silurian  Periods 
igneous  activities  had  been  very  active  in  the  Ch ’ i-lien-shan 
geosyncline.  Igneous  rocks  of  great  thickness,  can  be  seen 
at  Te-jang-ta-pan,  Chao-pi-slian,  Yao-mo-shanj  Ta-ye-kous 
Su^yu^kou*  alopng  Pai-yang  HOj  Peii-ta  Ho^  Hur^g-shui  KOj  Li~> 
yuan  Ho  and  Nei''Ho  and  also  In  the  Nan-ohan  system  and  the 
Lao- Chun- Shan  conglomerate.  Thus,  the  deep-cut  valleys  and 
atrueturaili'-  active  zones  in  these  ar'e.as  (including  the  Ta- 
li“tung-kou  overthmst  mentioned  in  this  paper)  .are  prospective 
placer/for  finding  new  mineral  springes.  Beca.use  of  the  wide 
spread  distribution  of  igneous  rocks  and  strong  disturbance 
of  the  earth's  crust  in  the  Ch* i-lien-shan  folded  zone, 
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■yarlc'us  sprlngfi  may  be  found  there* 

.oii'iue  the  Mlnei’al  spring  occuhe  in  the  Quaternary 
sediments  of  sand  and  gravel,  it  may  have  been  diluted  bv 
the  ground  water  in  the  valley  of  the  Pai-lang-kou.  It  is, 
therefore,  recommended  that  wells  of  considerable  diameter 
be  drilled  through  the  Quaternary  sediments  to  reach  the 
eye*'  of  the  spring,  as  shown  in  Fig*  3.'  This  will  render 
it  possible  to  obtain  fresh  solutions  and  also  to  increase 
the  amount  of  flow  from  the  spring. 


THE  FimULARITIBIS  OF'  WATER  SURFACE  RECOVERY 
m  WELLS  DRILLED  IK  FREE  WATER.  AQUIFERS  AKD 
THEIR  SIGKIFICAKCS  TO  THE  RAPID  DETERiCKATIOK 
OF  WELL  BISCKAPil.E  AND  COEFFICIENT  OF  PERM¬ 
EABILITY. 


-  Comraunist  Ch3.na  »• 


/Follov/lriB  is  t-FiO  translation  of  an  article 
by  Lianas  Cbien-t  Lang  (4731  I696  2?69)  #  Group 
8,  Department  of  Geology,  Yunan  Province,  in 
?31rai «»■  Vi/  e n  T  i -  cb  ilx  Kvxn^:,  - c h  ^  T 1  -  oh i  h ,  12  Jun  e 

I9^;tOB  pp»  36'^^ljy' 


I»  Introduction. 

The  determination  of  the  coefficient  of  permeability 
and  \yell  discharge  in  aquil’era  is  one  of  the  main  purposes 
of  engineering  geological  exploration*  The  methods  used  in 
the  determination  are  usually  the  constant  pumping  test  and 
the  constant  head  testj,  both  based  on  the  Ch’lu  Pu-i  {594-1 
1580  5902)  well  theory  /Translator  note?  In  western  coiintries, 
this  theory  is  known  as  Thiem’s  theory »_7,  These  tests  re¬ 
quire  a  long  observation  time,  e,p  well  as  special  and  heavy 
oq'uipment hence,  they  are  not  economical.  Furthersiore, 
these  tests  and  the  Ch*iu  Pu-i  theory  itself  are  but  approx¬ 
imations.  Bo  It  is  the  task  of  all  workers  in  the  field  of 
geological  hydrology  to  find  a.  new  testing  method  that  will 
be  ffi0.re  economical,  more  accurate,  more  reliable  and  more 
rapid.  We  must  eliminate  the  remarkable  shortcomings  that 
exist  in  the  above  mentioned  tests  end  make  our  work  fulfill 
the  requirements  of  socialistic  reconstruction.  Tine  author 
analyzed  the  regularities  in  the  change  of  water  level  in 
wells  drilled  In  free  water  aquifers  during  water  level  re¬ 
covery.  Identified  by  some  primary  experiments,  he  is  sub¬ 
mitting  a  testing  method  different  from  those  stated  above. 

Kls  is  a  method  to  determine  the  coefficient  of  permeability 
and  well  discharge  by  observing,  the  regularities  in  the  change 
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of  water  eiirfacG  in  the 

RusBlan  scholars  had  already  studied  methods  to  deter-- 
mine  the  discharge  in  artesian,  aquifers  and  oil-bearing 
sti'ata  by  analysing  the  qur'ves  of  pressure  recovery  in  wells 
(drilled  holes).  They  concluded  that  this  kind  of  testing 
method  ha.d  some  remarkable  drawbacks  (1).  The  author  has 
never  .read  a  diacuBalon  on  the  application  to  free  water 
aquifera,  so  this  paper  can  only  be  rega.rded  as  a  trial* 

Any  remarks  on  this  paper  will  be  appreciated. 

II.  The  recovery  movement  of  the  wate,r  level  in  a  v/ell  and 
the  derivation  of  the  differential  equation  of  the 
movement. 

After  a  period  of  water  ch^mglng  or  pumping,  the  water 
level  in  a  well  drilled  in  free  water  aquifer  will  be  higher 
or  lower  than  the  original  underground,  water  level*  A  radial 
water  flow  and  a  cone-shaped  water  level  will  be  produced. 

If  we  stop  charging  or  pTjiapins,  the  water  level  in  the  well 
will  then  recover  to  Its  original  static  level.  This  kind 
of  water  level  recovery  movement  is  called  simjjly  water  level 
recovery. 

Take,  for  instance,  the  case  of  water  drawdown  after 
water  changing  stops.  Suppose  the  well  has  a  diameter  2r, 
the  width  of  aquifer  is  H,  and  the  top  of  the  aquiclude  Is 
roughly  level.  When  the  charge  stops,  the  water  level  in 
the  well  gradually  drops  due  to  continuous  dispersion  on 
.radial  water  flow  (Fig,  1}  :  i.e.. 


The  corresponding  conical  water  level  also  drops  and 
disperses: 

L,  I.,,  ~~~>  La,  thSD  cone  vanishes 


Fig,  1 


It  is  obvious  that  in  the  whole  process  the  total 
volume  of  radial  water  flov/  is  equal  to  the  volme  of  water 
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in  the  cone  surrounded  by  the  conical  wa' 
the  original  water  level..  In  a  certain 
interval  dt,  the  conical  surface  drops  d' 
position  to  a  lower  one,  and  the  .  . 

amount  of  displaced  water  between 
these  two  levels  equals  the  dis¬ 
charge  of  radial  v/ater  flow  in  the 
time  interval  dt.  If  we  analyze  5^ 
the  radial  flow  by  differentiation 
(Fig.  2),  then  in  dt  the  change 
of  water  amount  passing  through 
two  concentric  cylinders  with  a 
radius  difference  d.x  is  equ?3l  to 
the  water  discharge  from  the 
voliiffie  governed  by  the  water 
surface  gradient  and  the 

ring  shaped  cross-sectional  area 
between  the  two  cylinders. 

From  this  we  can  derive  the  diff¬ 
erential  equation  for  water  flows 
of  this  type ^ 

0**  •»  ' 


ter  surface  and  by 
infinitesimal  time 
own  from  a  higher 


Pf 


'K  '  P' ■ 

. 

;• 

!  •  A 

Fig.  2 


This  is  another  form  of  "pu-hsl-kung-su-ko*' ’  a  diff¬ 
erential  equation  applied  to  well  discharge  problems.  There 
are  still  difficulties  in  applying  this  equation  to  some 
practical  cases.  In  the  following  sections  we  will  discuss 
the  regularities  of  this  kind  of  movement  under  a  relatively 


simple  condition. 

aenerally  speaking,  at  a  certain  time  the  water  dis¬ 
charge  of  radial  flow  is^higher  in  the  outer  cylindrical 
surface  than  in  the  inner  one.  The  dlschai'ge  passing  through 
a  cylindrical  surface  with  radius  x  in  time  dt  is  equal  to 
the  sum  of  the  water  flowinp;  out  of  the  rocks  and  the  water 
discharged  from  the  v/ell  due  to  water  siur-face  dropping.  Thi.s 


can  be  expressed  simply  as 


d'z  =  0  +, 


in  which  represents  the  amount  of  water  fiowlr.g  out  of 

the  rocks  in  the  cylinder  in  time  dt  when  the  water  level 
drops.  Because  the  discharge  water  notonly  is  the  water 
discharged  between  the  two  water  surfaces  corresponding  to 
time  difference  dt,  but  also  contains  some  residual  water 
flow  from  above  the  original  water  surface,  we  can  not  cal~ 
culate  simply  the  volume  of  the  rock  and  express  the  water 
discharged  from  it  by  simply  the  product  of  the  volume  on  the 
rock  and  its  coefficient  of  water  supply.  We  express  the 
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amomit  watejr  flowing  out  of  the  rocks  by 
The  above  ecruatlon  can  be  v/ritten  as 


a  fimction 

9 

4r 


j’t  _ _ 

ill  .  4t  ■  . 


(2) 


Based  on  Darcy's  Laws 

(3) 

In  equation  (3)  the  water  head  gradient^  aorrespond- 
int  to  a  certain  flow  line  is  theoretically  the  ratio  of 
differentials  of  the  water  head  and  the  flow  line  itself,  i,8 


When  the  slope  of  the  flow  line  is  small,  the  difference 
between  siii^  and  tanks'  is  insignif leant*  In  well  discharge 
problems  the  mean  I-valu©  of  the  flow  lines  at  points  located 
on  a  vertical  line  is  not  sin^  «  .  So  we  usually  use  tan^  as 
the  mean  water  head  gradient  of  the  points  lying  on  a  ver«» 
tical  11ns,  i,e.,  . 


jr  _ 


In  the  radial  water  flow  moi^ement,  the  I-*v''alue  varies 
with  t  and  x,  as  shown  in  F'ig«  i*  This  means  that  at  the 
same  time  x,  I  /  of  one  point  differs  from  of  another 
point,  and.,  similsrly,  that  at  the  same  point,  I,,  ..oorres-- 
ponding  to  a  certain  time  differs  from  Ijs  corresponding  to 
a  different  time.  In  the  folio’wlng  w©  will  discuss  the 
variation  of  I~vaiues  on  vertical  lines  v/ith  the  same  x  when 
the  w&ter  surface  drops. 

Assume  that  ne^ir  the  ?/all 
of  the  7/ell  there  ai^e  two  %^ertical 
lines  h/  and  ha,  ,one  unit  length  /' 

©.part  from  each  other.  In  the  pro¬ 
file  chart  (fig,  3)«> 

Here  s 

-  1  ,  ' 


Fig,  3 

The  wc.ter  surface  lines  and  the  water  level  in  the  well  drop 
to  their  static  positions  after  a  certain  time  period.  The 
drawdown  of  the  water  surface  line  at  vertical  h./  is  graater 
than  that  at  h^  (h/^hj,,)  because  of  the  continuity  of  the  wa¬ 
ter  level  drawdown.  We  also  know  that  at  any  short  time 
interval,  the  drawdown  at  h,  is  greater  thS-n  that  at  h^,  i,e,. 


and  s 


•» 
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(Hotlce  that  the  dista-nce  between  h/  and  Is  unity) 

I  is  the  variation  of  the  I«-value  vsheo  the  water  sxirf aoe 
line  drops  from  to  L^*  .  The  process  of  the  water  surface 
line  draw'down  may  foe  considered  to  be  the  combination  of 
many  small  dra.wdowns  h^i-h/^  »  the  sum  of  the  sma.ll  drawdowns 
is  h-H,  and  the  suits  of  their  corresponding  is  I,  If  we 
let  the  small  drawdowns  have  definite  lengths,  then  the  num¬ 
ber  of  drawdown  intervals  will  decrease  as  the  value  of  h«H 
becomes  smaller  due  x-o  water  siirface  dropping#  The  sum  of 
^  1  will  also  become  smaller  as  the  number  of  draf/down 
intervals  decreases* 

The  foreetated  analysis  is  based  on  the  assumption 
that  I*tan^j,  the  result  being  the  sanie  if  we  let  I  be  sin^  . 
This  result  can  be  simply  stated s  As  the  water  surface  line 
drops,  the  abso^aite  value  of  the  v/ater  head  gradient  on  ver¬ 
ticals  with  the  same  x  becomes  smaller  as  the  absolute  value 
of  h-H  decrease s« 

This  analysis  does  not  show  the  relationship  between 
h-K  and  I.  Here  we  assume  they  have  an  appr’oximate  linear 
rel.ationahlp  in  soEie  simple  cases, 

(4i) 

in  which  X  is  a  coefficient*. 

The  author  points  out  again  that  the  relationship  men¬ 
tioned  above  Is  true  only  for  verticals  having  the  same  x. 

We  must  not  think  that  there  is  a  coefficient  X  throughout 
the  radial  water  flow*  At  verticals  havirig  different  x,  the 
A  values  are  different*  When  the  water  surface  di'opa,  h-H 
is  positive  aiid  ^  ,  negative,  so  that  the  negative  sign  ap¬ 
pears  on  the  right  side  of  equation  (4) » 

From  equations  (3)  and  (4)  we  know  that  on  a  cylin¬ 
drical  .sui’face  with  radius  xj 


When  the  surface  of  the  cylinder-  coincides  with  the  wall  of 
the  well,;  then  3£=r«  h~h^ ,  and  in  equation  (2)  . 
Hence,  equation  (2)-  becomes  J  ; 


Equation  (5)  becomes ; 


■  (6) 


Comparing  (6)  and  (7)  ’ 

Separating  the  variables  and  integrating 


(7) 

(8) 

equation  (8): 


.y?T 
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2 A 


loK 


is  a  simple  fommla  showing  the  regularity  of  the  well 
water  surface  reco'very  in  the  drawdown  process*  The  boundary 


conditions  of  this  ec^uation  are  at  t®0, 


i~o^ 


•>  - 


This  la  the  water  surface  in  the  well  when  the  drawdown  starts* 
If  w®  pmp  water  from  the  well,  the  water  Burface  will  . 
ha've  an  upward  recovery  af‘ter  the  pumping  stops*  When  S  is 
small,  a  regularity  similar  to  equation  (9)  can  be  obtained* 
Correapondlng  to  equation  (6) i 


■  at 

Eauation  (7)  becomess 

Q  w  —  ^  ^ ;//Q  =s 

-“AoC^  —  Ao 

Comparing  the  two  equations j 

2ri9;.6Ci/-As)=r..i^^- 

Separating  and  Integrating? 


'1 4  Ce' 


(10) 


(11) 


(12) 


It  is  clear  that  eq'ua.tion  (9)  differs  from  equation  (12)  only 
in  the  sign  of  the  terra  Tho  latter  has  meaning  only 
ifs  "■  ■ 
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Ille  The  practical  Ter j,f ication  of  the  regularities  of  well 
water  surface  recovery. 

The  author  obseryed  three  wells  ars,d  found  that  the 
results  of  the  observations  coineide  with  the  forestated 


regularities.  Here  we  take  these  results  as  examples  show¬ 
ing  how  they  agree  with  our  theory. 

Before  stating  th©  example,  let  us  look  at  equa.tlon 
(9)  :  •  .  .  .  A 


r  — 

in  which is  a  constant.  .  It  Is  clear  that  log®  Ao 
varies  linearly  with  t.  .  In  the  process  of  the  water  surface 
drawdown,  we  measure  the  water  level  at  different  times  and 


calculate  the  values  of  log 


Therx  we  plot  these  values 


W  VW  ViLX  V  ^  •*  V  .A.  V»  WAA  W  V  WbW  I. 

against  their  corresponding  time  in  a  rectangular  coordinate 
system.  If  they  agree  with  the  regularity  in  equation  (9), 
the  plotted  curve  must  be  a  straight  line. 

The  bedrock  into  which  we  di’illed  the  wells  was  com¬ 


posed  of  laediiun  and  fine  grained  quartzite  with  low  permea¬ 
bility  and  contained  some  tiny  cracks*  >  The  impervious  bot¬ 
tom  was  shale  with  a  small  angle  of  inclination. 


Fig.  ;(4a)  Pig.  (4b) 

Testing  well  No.  .Is  The  observed  data  of  the  drawdown 
after  water  char-ging  was  stopped  are  tabulated  in  Table  (1) 
(on  preceding  page).  hQ,ls  plotted  a.galnst  t  in  Fig.  .(4a). 

If  we  plot  -log  values  Instead  of  the  h  *s  along  the 


abscissa, .we  will  s%t  a  straight  line,  as  shown  in  Fig.  (4b) i 
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Testing  well  Ko;,2s  . 'Ki©  Flg«.(5a)  i 

'cibserTed  da-ta  are  tabulated  in  ■  n.-  .  | 

Table  (2),  aM  the  t  yb  h^and  t  ‘  -  •.  i 

vs  are  pistted  ;  ,,|\  '  '■-‘s  ■-  •.  j 

in  Figures  ”i^a)  and  (Sh)?  res*-  >'*' "  '■  '  ’  I 

p?ietj.vely4  .  What  interests  us  .  ' 

most  is  that  as  the  water  s'ur- 

face  dropped  to  the  point  where  ■;  - . 

the  diameter  of  the  well  ohaniged 

(from  330  mm  to  89.®m),  W8  find  '■'  '  i^r 

that  in  Fig*  (5h)  a  correspond-  Fig*  .(5b)  | 

ing  tuTYilng  point  and  two  straight  i  ■  If  ■ . 

lines  with  different  slopes  are  *  ■  "  ■  ^ 

formed*  .  The  reason  is  quite  sim-  j 

pie  and  clear  j  las  the  well  dia-  1  .  •  '  '  ■ 

met  or  change  Sj  there  is  no  change  «|  ‘  ■  ■  '  I' ^  i 

in  the  linear  relationship  of  he  \  .  .  p  -  •  ' 

and^-loge  »  -but  the  s3.ope  '  •'■  “  ■■ 

of  tni  straight  line  n©  ‘  i  ■  ,  ' 

longer  remains  the  same « .  We  J'  '  ■  •■:. -*  i 

know  that  the  values  K,  K,  and  *  .  •  .-i 

X©  are  independent  of  the  well*B  .  ^ 

diameter j  so  that  the  value  ,  '  _  _  _  ;■  | 

varies  proportional3.y  ] 

as  r  cnanses*.  As  we  see  In  •  I 

Fi6«  .(5b)i»  e.  (the  slope)  is  ; 

gjieater  before  the  ohang©  of  the  diameter  C£r®130Bim)  and  j 
sma,i3.er  after  the  ohang©.  (2ri®89mia) »  This  is  Yerj  strong  ! 
support  to  the  regularities  stated  above.  ■ 

Testing  well  The  observed  data  also  coincide 

with  our  theory  (Omitted)*  ; 

j 

lYe.  The  determination  of  the  weli*s  diseharg©  and  the  coef¬ 
ficient  of  permeability  by  measuring  the  regularittss! 
of  the  water  surface  recovery* 

1.  file  determination  the  the  well* a  discharge,  Asi 
stated  in  the  previous  seotionj.  by  observing  the  water  levbl 
at  different  times  in  the  process  of  water  surface  drawdowh, 
we  are  e.ble  to  plot  a  graph  according  to  equation  (9) »  -  ^’h® 
value and  Cj  are  found  from  the  graph  (*1)  ©r  by  th® 

In  finding  C|  and  E,  good  results  can  not  be  obtained 
if  the  S  value  is  very  small.  Because  H  values  vary 
with  many  factors  in  natxiral  conditionsj  different^ 
values  are  found  at  different  times.  When  S  is  large 
the  drawdown  is  due  mainly  to  the  hea,d  pressue  of  S, 
and  the  influence  of  all  the  other  factors  become  . 
r®latlve3.y  negligible.  When  S  is  small,  the  water: 
level  approaches  R  and  the  inf luenee  from  other  fac-- 
tors  are  of  the  same  .order  as  Sj  hence,  can  not  be 
neglected.  2.9 


Fig,  C5a) 


.«a, 


Fig.  .(5b) 


In  equation,  (6)  the  well  discharge  Q  is  the  product  of 
and  the  differentiation  of  ho  with  respect  to  t«  Tne 
differentiation  of  h.^  is  ; 

jiirt  ^  ~ h[vfy»-~a t~~ 

(15) 


By  using  equations  (6),  ( 14)  and  (15)  we  can  calciilate 
q  values'  corresponding  to  anjr  ho*  .  We  know  th&t  the  only  thing 
we  have  to  do  to  determine  the  well  discharge  is  investigate 
the  variation  of  the  water  level  drawdown.  This  method  is 
obviously  the  most  economical  and  the  fastest  one  we  have 
ever  hadj  for  it  needs  no  heavy  mechanical  instiUHnents .  In 
cases  where  the  undergrouxid  water  surface  is  very  deep,  this 
method  is  especially  significant  (in  this  case  pumping  is 
very  inconvenient  s.nd  constant  changing  to  the  well  is  also 
difficult)  . .  In  aquifers  vflth  low  permeability  we  may  observe 
the  drawdown  of  the  water  used  for  washing  the  well,  right 
after  the  driller-  is  taken  off  without  having  to  pour  water 
into  the  well.  Two  of  the  w-ells  in  our  example  were  observed 
in  that  way.  When  aquifers 
are  more  permeable,  the  wa¬ 
ter  level  dx'oijs  fast  after 
Ghax'ging  stops*  In  order 
to  have  an  a,ccur-at  obser¬ 
vation,  ,  the  author  siiggests 
the  following  simple  method! 

.  Use  an  instrument  as 
shown  in  Fig.  (6)  .  .  A  is  the 
main  switch  and  by  turning  it 
we  are  able  bo  connect  it  to 
switches  l,2,3,etc.  The  ends^  ■  -j 
of  the  metal  wires  connected  .1 

to  these  switches  are  located  I 
on  different  levels  of  the  i  ^ 

well.  Fii’st,  onnect  A  to  1, 

The  light  in  the  indicator  will  : 

be  nn  before  the  water  level  drops  Fig.  o 
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^  ij  elosed.  Record  the  time  that  tke 

'  .  1  ^  correfipondlng  to  dJ^awdown  ir,ii. 

!  wlialj^ctl ...J'  OOM18G  t  A  to  2j  5*  ‘©tOo*  K®t>tlr*P' %<.  W  '  'ti-i'e»-  ^■• 

i  re  spec  timely*  ©ue»j 

I  Im  peraeshllity,;. 

i  ;  ^""TKirh"  .  : 


«8fc  :  1^  ^  ^ 

•  *  '  -  Ar5“ 


I  iherexerej  in  calculation  K  lvalues  hy  equ3>tion  {9UA«,has  to 
^  -/f  determine  X,\  the  authSr  tScJ 

I  that  If  Q  ralnes  measured  by  the  outlined  method  agree  wit^ 
j  .ths  true  a  values  (that  ia  to  say,  ,lf  the  method  is  ^Gved  L 
general  significance)  ?  alsJ: 'if  Q  r.^m 

const &jat  naaa  test -are  e3.os®  to  the  true  ones'  nmrJ^ 

values  of  q  and  the  related  coefficlerits 
^id  in  our  test  into  Oi'/i'/i”/ ^  f  oraulaj  together  v?lth  oth®'^ 

of  coefficient 

^  should  be  pointed  out  that  the  method  and  eouation 

regularities  of  dratf» 

?va?  V  A  is  based  on  the  assuBiption 

nearly  stable,  although  the  stable  coh-  ' 
a it ion  actually  does  not  exist*  Therefore-  the  meanings  of 
these  two  approaches  are  different,  even  though  thefSfSitf^  ^ 
haxe  very  close  results,  Here  ^e  otm  oompars  the  resulcts  ' 
ana  see  hois'  ciose  they  wfuM  be*  i 

Comparing  equation  (7)  and  Formula j  i 

;,  ^  «F  ''  ' '  ■  ■  i 


This  gives. 


+//) 


(16) 


.  WcjiL 

r-. 


(17) 


The  laumerator  on  the  right-hand  side  of  squatlor. 

t  ,  Si  ..  H  .  . 


- - m:  1  4 - 

^9  e 


0  ts  the  corresponding  change  ©f  .  : 
lies  between  a  and  1*  In  general,  the  nraotical 
r^e  otC4>^  P^-./j  Formula  is  S<  ,  and  the  corresponding 
change  Oj,  / ^  ..^  lies  between  1*66  and  a*. 

4  denominator  loge  f  on  the  right  si^e  of  equstlbn 
(1?-)  increases  suowly,  whether  the  h<f»  value  inereaeess  de-^ 
creases  or  remains  unehangelfe*  This  is  because  of  the  con- 

wiSi  I'adial  water  flow  and  the  conical  ■■ 

.?ater  surlaoe*.  The  value  logg  ^  changes  only  slightly  as  : 
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R  becomes 


f.or  examples  R  beeom.eB  IGR^  then! 


+  I08  t  !> 


That  is  to  saj  that  the  Increment  log^  #  is  only  1  as  R  be¬ 
comes  lOx  IfiTger,.  In  practical  cases  R  never*  changes  t,hat 
much;  it  increases  slowly,  eansing^  the  increment  of  the 
denominator  lege  ^  to  be  very  small*  f 

Now  take  a  look  at  the  rignt  side  of  eauation  U7J . 

The  numerator  increases  slowly  within  the  range  of  1*6p  to 
2.0«  while  the  denominator  also  increases,  though  more  slowly 
than  the  numerator'jf  so  that  the  quotient  remains  nearly  "un¬ 
changed*  This  agrees  with  the  assumption  that  on  tne 
left-hand  side  of  equation  (17)  is  a  constant*. 

V.  The  re(?ularltrr  of  well  water  surface  recovery  as  appear¬ 
ing  in ‘an  aq.uifer  that  does  not  contain  water. 

In  case  the  aquifer  contains  no  water;  K®0  and 
=  S .  TVien  equation  (7)  becomes; 

Comparison  of  equation  (o)  and  (18)  gives; 

8^8  *  ^  ^ 


Separating  and  integrating 


*  ■  ' 

f  ■ 

J  * 

'  _ l-J 

■  A  '' 

1 

j  <.-r, 

(20) 


Here  we  get  the  revei*se  proportionality  of  h^  and  t 
in  well  recovery  In  an  aquifer  containing  no  water*  . 

Taking  t=="b  gives;  - 

Taking  the  logarithm  of  both  aides  of  equat".ion  (20)  yiel-dsi 


•  (21) 


in  which  loge^^is  a  constant*  Hence,  loggho  varies  linear- 
I’f  with  ?  t-G, )  *  •  If  we  plot  tne  he  and  t-C,  value  a  on 

a'^lOgarithm  scale,  we  will  get  a  straight  line  with  -1  as  -ta 

alone,  corresponding  to  equation  (21}*-  ,  i. 

In  mesasur ing  discharge  Q,,  the  method  is  simxlar  to 

that  jn  the  previous  section* 

Tliroufch  the  discussion  of  sections  IV  and  7,  we  know 
that  the  recovery  of  water  surface  drs.wdo?m  has  some  per- 
ticuler  features  when  the  aquifer  contains  water  and  hs.s 
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'  others  when  the 
;  distlngulgli  the 


aquifer 


X  Jl 


0  i/i 


Is  well 


does  noti  .  lliis  glTes  iis  a  method  to 
erent  hydrogeological  cimracterl sties 
known  that  in  some  stratim  whose 


; 'boundary  with  aqulolud®  is  not  clear^  it  In  diffioult  to  ! 
i  discover  whether  or  not  the  aquifer  contains'  water^  because 
^ there  exists- and  artificial  water  level  in  the  well  caused; 


■by  constant  Gharging  of  the  water  from  the  washing  during  i 
drillings  Now  we  may  distinguish  'between  them  by  their 
features  sliowai  in  the  drawdown*,  Wa  only  need  ols serve  the'  | 
^variations  of  d.rs.wdo?«is  and  aiiaiyze  the  data,  and  if  they  ! 

= agree  with  the  regularitisa  of  equations  (20}  and  (SI),  we! 
know  the  aquifer  ocmtalns  no  water |  if  they  agree  with  equa¬ 
tion  (9}j  then  th©;; aquifer  should  contain  water,. 


Vis  CD.no  lusions®,  ; 

li .  In  a  free  water  aquifer,  the  recovery  of  well  wa¬ 
ter  surface  follov/s  the  movement  of  radial  water  flew,  .  In^ 

;  the  p.rocsss  of  water  drawdown,  in  time  interval  ef'i  ,  the 
amount  of  water  passing  the  cylindrical  surface-  of  radius  z 
'•  Is  the  sum  of  the  displace  water  in  the  rocks  euid  the  water 
flowing  out  the  well,  Wh.en  the  water  surface  drops,  the 
^  absolute  value  of  the  water  gradient  o.n  the  verticals,  cor- 
.responding  to  a  certain  x,  decreases  as  the  value  of  h«H  ! 

*  decreases,.  Based  on  these  fundamental  theorems,  th®  author 
derived  a  formula  show.lng  the  regularity  of  water  surface  ' 
recovery  in  wells  during  the  drawdowns  i 


(9) 


This  regularity  has  been  proved  fey  some  preliminary  experi^ 
iments,.  Basing  the  following  on  this  regularity,  we  find  the 
;  fastest  and  the  moat  economical  method  for  the  determination 
of  well  discharge  and  the  value  of  K,  This  method  is  espec¬ 
ially  significant  when  using  aquifers  where  the  water  lev©,! 
is  deep  and  the  soil  is  less  pemeafele. 


2,.  By  using  the  same  principles  as  a'bove,  a  .formula 
is  derived  for  the  case  of  a  small  S  showing  the  regularity 
of  water  surface  recovery  after  pimping  stops  (water  surface 
rises)  h  _  ■  #  .  ■  ' 

^  (12) 


In  aquifers  not  containing  water,  the  foraiula.  of  regularity 

iss 


The  difference  of  regularity  appearing  In  aquifers  ; 
having  different  hydrogeological  features  gives  us  a  simpl© 
way  to  dlstinguich  the  aquifers  which  contain  water  from 
those  that ■  do- net* . .  - . . . . . . . . 
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3»  If  th®  ,regula.rlties  disouseed  in  this  paper  can 
tie  prc%*8dj,  no  do'ub'tj  fcpo  tieo-iGus  iiyGrogsGlogiGa.!  'Sxid  sngineer* 
Ing  seoioglcal  experims-ratal  works  in  the  field  can  he  sim¬ 
plified  and  speeded  to  a  great  extent*.  We  suggest  that  oth- 
BT  deoartment  s  in  our  field,  also  make  some  el  torts  in  re¬ 
searching  into  this  problem* 
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